and flat band potential (E FB ) is equal to E F . 9 It is known that the E F of NTA is 0.35 V SHE , which can be considered as the conduction band edge (E C ). By adding the 3.2 eV band-gap to E C , the valence band edge E V of NTA is determined as 3.65 V SHE . Knowing that there is a 0.1 eV shift of E V , the E V of BNTA is determined as 3.55 V SHE . The E C of BNTA is obtained by adding 3.3 eV band gap to E V , which is 0.25 V SHE .
Text S2. Calculation of the width of the space charge layer
Flat band potential can be obtained from Mott-Schottky equation
Where C SC is the space charge layer capacity (F); e is the elementary electron charge (1.6 × 10 Considering the space charge layer as parallel plate capacitor
Substituting equation S2 into S1 gives the equation to estimate the width of space charge
Text S3. Lifetime estimation
An empirical equation for the prediction of lifetime of water oxidation electrode has been proposed previously 13, 14 
where T 1 is lifetime obtained at high current density (i 1 ). T 2 and i 2 are actual lifetime and current density in operational mode, respectively. n is a coefficient.
As shown in Figure 2 , the lifetime of BNTA is 0.5 and 3 h at 20 and 10 mA/cm 2 , respectively.
Therefore n in equation S4 is calibrated as 2.6 for BNTA electrode. According to equation S4, One must notice that these tests are not the typical accelerated life time tests, in which i 1 could be as high as 1 A/cm 2 . 13, 14 Because BNTA is inactive for water oxidation, thus operating it at 1 A/cm 2 will instantly leads to an extremely high anodic potential, which consequently results in the corrosion of Ti metal substrate.
